Site-directed mutagenesis and structure-function analysis of the human apolipoprotein A-I. Relation between lecithin-cholesterol acyltransferase activation and lipid binding.
We have mutagenized the human apoA-I gene and have generated cell lines which express normal and mutant apoA-I forms. Point mutations were introduced which changed Gln-1, Gln-2 to Arg,Arg, Pro99 to His, and Pro121 to His. In addition, the following amino acid deletions (delta) were generated: delta 113-124, delta 148-186, delta 212-233, and delta 213-243. The apoA-I form isolated from the culture medium of C127 cells was analyzed for its ability to activate lecithin-cholesterol acyltransferase (LCAT) and to bind to phospholipid vesicles and high density lipoprotein (HDL). Compared with the wild type (WT) apoA-I, the relative activation of LCAT achieved by the point mutations Gln-1, Gln-2----Arg,Arg, Pro99----His, and Pro121----His were 106 +/- 7, 92 +/- 6, and 77 +/- 9%, respectively. Kinetic analysis of one mutant apoA-I form showed similar Vmax but a 15-fold increase in the Km of the mutant apoA-I form. Furthermore, the activation achieved by the internal deletion mutants delta 113-124, delta 148-186, delta 212-233, and delta 213-243 was 47 +/- 3, 0.5 +/- 0.4, 28 +/- 4 and 13 +/- 5%, respectively. Mutants deficient in their ability to activate LCAT displayed alterations in liposome and HDL binding, compared with WT as determined by density gradient ultracentrifugation analysis of the culture medium. Thus, the peak recovery (approximately 50%) of apoA-I bound to HDL was at density 1.14 g/ml for the WT apoA-I, at 1.18 g/ml for the mutants delta 113-124 and delta 148-186, and at d greater than 1.21 g/ml for the delta 212-233 and delta 213-243. Electron microscopy of the proteoliposome LCAT substrate generated by WT and mutant apoA-I forms showed that the carboxyl-terminal deletion mutants which displayed aberrant binding to HDL also displayed reduced ability to convert the spherical lecithin-cholesterol vesicles into discs compared with WT. The findings suggest that (a) the importance of the carboxyl terminus of apoA-I for LCAT activation is related to its ability to bind to lipid and/or to form discoidal substrate for LCAT, and (b) the interaction of several domains of apoA-I are required for the activation of LCAT.